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,QWURGXFWLRQ
0RGHUQ OLIH VW\OHV DUHKHDYLO\GHSHQGHQW RQPRELOLW\ DQG WUDYHO LWVHOI LV D FRPSOLFDWHG LVVXHZLWK D
FRQVLGHUDEOH HQYLURQPHQWDO LPSULQW  $ PDMRU JOREDO FKDOOHQJH FRQVLVWV LQ UHGXFLQJ WKLV LPSDFW DQG
GLVFRYHULQJKRZWRHQFRXUDJHDQGVXVWDLQ LQGLYLGXDOEHKDYLRXUDOFKDQJH LVDYHU\SUHVVLQJSROLF\ LVVXH
'()5$
3DUWLHV ZLWK D YHVWHG LQWHUHVW LQ SURPRWLQJ VXVWDLQDEOH WUDYHO VFLHQWLVWV SROLF\ PDNHUV DQG
WUDQVSRUWDWLRQVSHFLDOLVWVODFNVXIILFLHQWO\ZLGHUDQJLQJGDWDODUJHO\EHFDXVHRIUHVRXUFHOLPLWDWLRQV7KLV
UHVXOWV LQ FRQVWUDLQWV RQ HIIHFWLYH LQWHUYHQWLRQV LQ WKLV ILHOG0HDQZKLOH FXUUHQW SROLF\ DQGSUDFWLFHRQ
WUDQVSRUW LVVXHV DUH VXEMHFW WR H[WHQVLYH FULWLFLVP 7KH HYLGHQFH LQGLFDWHV WKDW H[LVWLQJ HQYLURQPHQWDO
SROLF\WRROVHFRQRPLFWHFKQRORJLFDOUHJXODWRU\DQGLQIRUPDWLYHRQHVDUHLQDGHTXDWHWRDFKLHYHGHVLUHG
JRDOV VXFK DV JUHHQKRXVH JDV HPLVVLRQ UHGXFWLRQ 2(&',7)  3XEOLF SROLF\ SODQQLQJ SURFHVVHV
VHHPLQJO\ ODFN WKH WRROV DQG XQGHUVWDQGLQJ RI FRRSHUDWLYH EHKDYLRXUDO FKDQJH SURFHVVHV $XVWUDOLDQ




FKDOOHQJH *LYHQ WKDW OLWWOH LV NQRZQ DERXW WKH HIIHFWV RI LQWHUYHQWLRQV DLPHG DW VRFLDO EHQHILWV EHWWHU
KHDOWK HQYLURQPHQWDO SHUIRUPDQFH DQG VXVWDLQDELOLW\ 2JLOYLH HW DO  D QHZ DSSURDFKPD\ KHOS
H[SORUHVXFKHIIHFWVE\LQYHVWLJDWLQJSXWDWLYHGHWHUPLQDQWVRISRSXODWLRQWUDYHOEHKDYLRXU
8UEDQ SROLF\ VKRXOG EH EDVHG RQ VFLHQWLILF HYLGHQFH DQG LQ WUDQVSRUW VFLHQFH LW LV DJUHHG WKDW
LQIUDVWUXFWXUDO IDFWRUV HJ VHUYLFH SURYLVLRQ KDYH DPDMRU LPSDFW RQPRELOLW\ EHKDYLRXU EHFDXVH WKH\
GHWHUPLQH EHKDYLRXUDO RSWLRQV +XQHFNH HW DO  +RZHYHU WKHVH DUH QRW WKH RQO\ GHWHUPLQLQJ
IDFWRUV VLQFH VRFLRGHPRJUDSKLF FKDUDFWHULVWLFV HJ DJH HPSOR\PHQW VWDWXV DQG DWWLWXGLQDO
IDFWRUVYDOXHV QRUPV DQG DWWLWXGHV DOVR DIIHFW SUHIHUHQFHV IRU VSHFLILF DFWLYLWLHV WUDYHO GHVWLQDWLRQV
URXWHVDQGPHDQV$QDEOH$QDEOH	*DWHUVOHEHQ%DPEHUJ	6FKPLGW+HDWK	
*LIIRUG+XQHFNH%O|EDXP0DWWKLHV	+|JHU6WHJ6WHJ9OHN	6ORWHJUDDI
$V UHFHQW VRFLRSV\FKRORJLFDO UHVHDUFK VXJJHVWV DWWLWXGHV DUH SRZHUIXO GHWHUPLQDQWV RI KXPDQ DFWLRQV
*XSWDDQG2JGHQ.ROOPXVVDQG$J\HPDQDQG WDNLQJ WKHVH LQWRDFFRXQW LVFUXFLDO IRU WKH
VXFFHVVRIHQYLURQPHQWDOSROLFLHV 1LOVVRQDQG.XOOHU&RQVHTXHQWO\ UHFRQVLGHULQJFRQYHQWLRQDO
WUDQVSRUW SROLF\ DSSURDFKHV E\ LQYROYLQJ QHZ SUDFWLFHV IRFXVLQJ RQ WUDYHOOHU FKDUDFWHULVWLFV DQG
EHKDYLRXUDOSDWWHUQVKDVD VLJQLILFDQWSRWHQWLDO WRHIIHFWSRVLWLYHFKDQJH VRPHWKLQJDOUHDG\ UHFRJQL]HG
E\ PDQ\ RUJDQL]DWLRQV GHDOLQJ ZLWK SROLF\ SODQQLQJ LVVXHV $QDEOH HW DO  1LOVVRQ DQG .XOOHU
7KLVFRXOGPDNHVXVWDLQDEOHPRELOLW\DPRUHDWWUDFWLYHRSWLRQE\XVLQJVRIWSROLF\PHDVXUHVVXFK
DV SXEOLF DZDUHQHVV FDPSDLJQV IRU VXVWDLQDEOH PRELOLW\ DQG VRFLDO PDUNHWLQJ IRU SXEOLF WUDQVSRUWDWLRQ
0DF)DG\HQHWDO
'HVLJQLQJ VXFK SROLF\ LQWHUYHQWLRQV UHTXLUHV NQRZOHGJH RI XVHUV




E\(XURSHDQJXLGHOLQHV (XURSHDQ&RPPXQLWLHV  DIWHU H[SORULQJ WKH WDUJHW DXGLHQFH LQ WHUPVRI
EHKDYLRXU DQG OLIHVW\OH ,GHQWLI\LQJ WUDYHOOHUV¶ VSHFLILF DWWLWXGLQDO DWWULEXWHV OLNH DFWLYH DQG SUR
HQYLURQPHQWDOEHKDYLRXUSURGXFHVD XVHIXOSLFWXUHRI VRFLDOPDUNHWLQJ VHJPHQWDWLRQZLWKFRQVLGHUDEOH
SRWHQWLDO IRUXVH LQDFKLHYLQJVXVWDLQDELOLW\ *HOOHU0F.HQ]LH0RKU$VDFRQFHSWVRFLDO
PDUNHWLQJ ³XQGHUVFRUHV WKH LPSRUWDQFHRI VWUDWHJLFDOO\GHOLYHULQJSURJUDPV VR WKDW WKH\ WDUJHW VSHFLILF
VHJPHQWV RI WKH SXEOLF DQG RYHUFRPH WKH EDUULHUV WR WKLV VHJPHQW¶V HQJDJLQJ LQ WKH EHKDYLRXU´
0F.HQ]LH0RKU  S  :LWK WKH HPHUJHQFH RI PDUNHWRULHQWDWHG DSSURDFKHV WR SXEOLF
SDUWLFLSDWLRQ LQ HQYLURQPHQWDO LVVXHV FXUUHQW VRFLDO PDUNHWLQJ SROLFLHV VHHN WR HQFRXUDJH EHKDYLRXU
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FKDQJH DPRQJVW FLWL]HQV 7KLV LV GRQH E\ XVLQJ WKH FRQFHSW RI ³VXVWDLQDEOH OLIHVW\OHV¶ DQG LGHQWLI\LQJ
SRSXODWLRQ VHJPHQWV ZLWK VLPLODU FRPPLWPHQWV WR HQYLURQPHQWDO SUDFWLFHV DV WKH EDVLV IRU EHKDYLRXU




SXEOLF DFFHSWDQFH DQG HQJDJHPHQW LQ WKH DFWLYLWLHV EHLQJ SURPRWHG DQG D JUHDWHU OLNHOLKRRG RI PRUH
VXFFHVVIXOSROLF\RXWFRPHV
5HFHQW DWWHPSWV DW XVHU SURILOH IRUPXODWLRQ KDYH FRQWULEXWHG WR GHHSHQLQJ RXU NQRZOHGJH RIPDUNHW
VHJPHQWDWLRQHQDEOLQJWKHIRUPXODWLRQRIPRUHSHRSOHRULHQWHGWUDQVSRUWSROLFLHV3URQHOORDQG&DPXVVR
 (PSLULFDO ILQGLQJV LQGLFDWH WKDW FRPELQLQJ SV\FKRORJLFDO IDFWRUV ZLWK VRFLRGHPRJUDSKLF DQG
LQIUDVWUXFWXUDOYDULDEOHVFDQ LPSURYHSUHGLFWLRQVRIGLIIHUHQW DVSHFWVRIPRELOLW\EHKDYLRXU 9DQ:HHHW
DO$WWLWXGHEDVHGDSSURDFKHVFDQQRWRQO\SURYLGH LPSRUWDQW LQIRUPDWLRQRQPHDVXUHVDLPHGDW
UHGXFLQJ JUHHQKRXVH JDV HPLVVLRQV DW DQ DJJUHJDWH OHYHO EXW DOVR RQ GLIIHUHQW DVSHFWV RI PRELOLW\
EHKDYLRXU HVSHFLDOO\ WUDYHOPRGH FKRLFH +XQHFNH HW DO $FFRUGLQJ WR WKH&$03$5,(SURMHFW
 WKHYDOXHRIHIILFLHQW FRPPXQLFDWLRQE\ WDUJHWLQJFDPSDLJQVRQVSHFLILF JURXSVDIWHUH[SORULQJ
WKHLUUHVSHFWLYHFKDUDFWHULVWLFVKDVEHHQUHSHDWHGO\KLJKOLJKWHGDVDIDFWRULPSURYLQJWKHHIIHFWLYHQHVVRI
SXEOLFDZDUHQHVVLQLWLDWLYHV
0RUHRYHU LQWHJUDWLQJ EHKDYLRXUDO LVVXHV LQWR WKH RYHUDOO SURPRWLRQ SURFHVV VXFK DV LGHQWLI\LQJ
VXVWDLQDEOH WUDYHO LQLWLDWLYHV¶ SRWHQWLDO VXSSRUWHUV FRXOG EH D YDOXDEOH VWHS IRU UHVRXUFH VDYLQJ )RU
LQVWDQFH XVLQJ LGHQWLILHG XVHU QHHGV WR GHYHORS QHZ WUDQVSRUW VHUYLFHV IRU JUHHQHU DQG KHDOWKLHU
FRPPXWLQJFRXOGUHGXFHWKHSRVVLELOLW\RIKDYLQJWRXVHFRVWO\LQFHQWLYHVWRDWWUDFWGLIIHUHQWXVHUJURXSV
(IIHFWLYH LQWHUYHQWLRQV UHTXLUH V\VWHPDWLF SODQQLQJ DQG GHYHORSPHQW $ FRQFLVH SODQQLQJ PRGHO
LQYROYHV QHHGV DVVHVVPHQW JDWKHULQJ ERWK TXDQWLWDWLYH HJ OLWHUDWXUH UHYLHZ VXUYH\V DQG TXDOLWDWLYH
LQIRUPDWLRQ HJ IURP TXHVWLRQQDLUH VXUYH\V RU LQGHSWK LQWHUYLHZV +HOPLQN HW DO  1HHGV
DVVHVVPHQW VWDUWV E\ UHYLHZLQJ PRELOLW\ DQG TXDOLW\ RI OLIH DV ZHOO DV SHUVRQDO LH XVHUUHODWHG DQG
HQYLURQPHQWDOIDFWRUVLQYROYHGLQH[LVWLQJOLIHVW\OHVWRJHWKHUZLWKHPSLULFDOHYLGHQFHRQH[LVWLQJSULPDU\
PRELOLW\LQWHUYHQWLRQV7KHVHFRQGVWHSVKRXOGEHWRH[SORUHWKHGHWHUPLQDQWVRIDFWLYHOLIHVW\OHDGRSWLRQ
DQG SURHQYLURQPHQWDO DFWLRQV SHUIRUPDQFH DQG WKHLU LQWHUIDFH ZLWK VXVWDLQDEOH WUDYHO EHKDYLRXU
6XEVHTXHQW VWHSV LQYROYH WKH GHYHORSPHQW RI D SURWRW\SH IRU WKH LQWHUYHQWLRQ SLORWLQJ WKLV DQG ILQDOO\
HYDOXDWLRQ
,Q WKH FRQWH[W RI D EURDGHU HIIRUW LQ WKH ILOHG RI VXFFHVVIXO LQWHUYHQWLRQV IRU VXVWDLQDEOH WUDYHO
SURPRWLRQ WKLVSDSHUSURYLGHVVSHFLILF LQIRUPDWLRQRQUHFHQW UHVHDUFKXVLQJD ODUJHVFDOHVXUYH\ LQ WKH
FLW\RI7KHVVDORQLNLLQ1RUWKHUQ*UHHFH,WGHWDLOVDQDWWHPSWWRDGGDQDWWLWXGLQDOGLPHQVLRQWRDUHYHDOHG
SUHIHUHQFHV DSSURDFK IRU WKH LGHQWLILFDWLRQ RI XVHUV
 QHHGV 7KLV DGGV D GLIIHUHQW SHUVSHFWLYH WKH NH\
PHWKRGRORJLFDO LPSOLFDWLRQ EHLQJ WKDW HYHQ D VPDOO FRPSRQHQW RI TXDOLWDWLYH UHVHDUFK LQ WKH EDVHOLQH
SKDVHRIDQ LQWHUYHQWLRQVWXG\FDQJHQHUDWHH[SODQDWLRQV LQVLJKWVDQGK\SRWKHVHVDEVHQW IURPWKHPDLQ
ERG\RITXDQWLWDWLYHGDWD2JLOYLHHWDO4XDQWLWDWLYHDQGTXDOLWDWLYHPHWKRGVFDQEHFRPELQHGLQ
YDULRXVZD\VDQGWKLVVWXG\LQWURGXFHVDQHZSHUVSHFWLYHIRUH[SODLQLQJTXDQWLWDWLYHILQGLQJVLQ*UHHFH
FRQFHUQLQJ WKH UHODWLRQVKLSVEHWZHHQDFWLYH WUDYHO HQYLURQPHQWDO VHQVLWLYLW\DQGPRELOLW\PDQDJHPHQW
E\ VWXG\LQJ TXDOLWDWLYH DWWULEXWHV ,W JLYHV ULVH WR QHZ K\SRWKHVHV HJ FRQFHUQLQJ VSHFLILF EHKDYLRXUDO
DVSHFWV WR EH IXUWKHU H[SORUHG LQ D ORQJLWXGLQDO TXDOLWDWLYH DQDO\VLV DQG WHVWHG LQ D ORQJLWXGLQDO
TXDQWLWDWLYHDQDO\VLVIRURSWLPL]LQJVXVWDLQDEOHWUDYHOSURPRWLRQ
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0HWKRGRORJ\RIUHVHDUFK
$ODUJHVFDOHWUDYHOVXUYH\ZDVXQGHUWDNHQLQWKHFLW\RI7KHVVDORQLNLLQ1RUWKHUQ*UHHFHFRQFHUQLQJ
D QHZ ,76 SODWIRUP SURYLGLQJ WUDYHOOHU LQIRUPDWLRQ DQG HQDEOLQJ DOWHUQDWLYH URXWHV VHOHFWLRQ XVLQJ
HQYLURQPHQWDOFULWHULD2XUUHVHDUFKDLPHGWRWHVWWKHSRVVLELOLW\WRH[WUDFWDWWLWXGHEDVHGSDUDPHWHUVRXW
RI WKLV LQLWLDOO\ VWULFWO\ TXDQWLWDWLYH DSSURDFK HYHQ ZLWKRXW SV\FKRPHWULF WHFKQLTXHV ,Q WKH IUDPH RI
PRELOLW\ SDWWHUQ UHFRUGLQJ WKH SUHVHQW VWXG\ DWWHPSWV WR HVWDEOLVK SRVVLEOH XVHU W\SRORJLHV  ([SORULQJ
WDUJHWHGXVHUOLIHVW\OHVIURPDVXVWDLQDEOHWUDYHOSHUVSHFWLYHDLPHGDWUHYHDOLQJDWWULEXWHVVXFKDVSK\VLFDO
DFWLYDWLRQ DQG HQYLURQPHQWDO VHQVLWLYLW\ SRVVLEO\ LQYROYHG LQ WUDYHO SHUFHSWLRQV DQG SUDFWLFHV 7KHVH
DWWLWXGHEDVHGXVHU W\SRORJLHVFRXOG WKHQEH WDUJHWHG WRVWLPXODWHPRUHVXVWDLQDEOH WUDYHOZLWKLQDPRUH
IRFXVHGDSSURDFKXVLQJSURSHUO\WDLORUHGLQWHUYHQWLRQVIRUVXVWDLQDEOHWUDYHOSURPRWLRQ
7KHVWXG\DUHDZDVFKRVHQRQWKHEDVLVRIVSDWLDODQGDJJUHJDWHVRFLRHFRQRPLFFKDUDFWHULVWLFVRIWKH
7KHVVDORQLNL0HWURSROLWDQ$UHD2QO\DGXOWVZHUHVXUYH\HG LQDUDQGRPVDPSOHRIKRXVHKROGV LQ WKHVH
DUHDVXVLQJDWHOHSKRQHTXHVWLRQQDLUHPHWKRG7KHTXHVWLRQQDLUHIRUPLQFOXGHGLWHPVRQGHPRJUDSKLFDQG
VRFLRHFRQRPLF FKDUDFWHULVWLFV DV ZHOO DV SHUFHSWLRQ UHODWHG TXHVWLRQV DERXW ORFDO HQYLURQPHQW WUDYHO












7KH VDPSOH ZDV GUDZQ IURP WKH UHVLGHQW SRSXODWLRQ FRQVLGHULQJ DJH RFFXSDWLRQ DQG UHVLGHQWLDO






SXEOLF WUDQVSRUW DYDLODELOLW\ 7KH DGPLQLVWUDWLYH VWUXFWXUH ZDV XVHG DV D EDVLV DQG WKH VDPSOH ZDV
FODVVLILHG RQ WKH EDVLV RI WKH  PXQLFLSDOLWLHV LQFOXGHG LQ WKH VWXG\ DUHD  ZLWKLQ 7KHVVDORQLNL
PXQLFLSDOLW\DQGLQWKHVXEXUEV)ROORZLQJDUHFHQWUHIRUPLQWKH*UHHNORFDODGPLQLVWUDWLRQV\VWHP
WKHDUHDQRZFRQVLVWVRIQHZPXQLFLSDOLWLHV
7KH PDLQ VWXG\ LQVWUXPHQW ZDV D FRPSUHKHQVLYH PRELOLW\ DQG XVHUV
 QHHGV VXUYH\ ZLWK DQ LQLWLDO
VDPSOHRISHRSOH7KLVSURGXFHGYDOLGTXHVWLRQQDLUHV:KHQWKHVHZHUHILOWHUHGIRUGULYLQJ
OLFHQVHSRVVHVVLRQDVXEVDPSOHRIUHVSRQGHQWVUHVXOWHGRIWKHRULJLQDOUHVSRQGHQWV7KHVH[




7KH +LHUDUFKLFDO &OXVWHUV $QDO\VLV PHWKRG ZDV DSSOLHG WR GHYHORS D W\SRORJ\ RI WUDYHOOHUV 7KH






LQFOXGLQJ GULYLQJ OLFHQVH SRVVHVVLRQ ILOWHU TXHVWLRQ IRU WKH VXEVDPSOH IRUPXODWLRQ 7KH GLIIHUHQW
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TXHVWLRQVDWWULEXWHV XVHG LQ WKH FOXVWHU DQDO\VLV UHIHU WR WKH IROORZLQJ FRQFHSWV 4*UHHQHU URXWH
LQWHQWLRQ 43XEOLF WUDQVSRUW XVH LQWHQWLRQ 4%LF\FOH XVH LQWHQWLRQ 4&DU GHSHQGHQFH
4XHVWLRQVZHUHPHDVXUHGRQDOHYHO/LNHUWW\SHVFDOHIURP³QRWDWDOO´WR³YHU\PXFK´QRWDWDOODELW
HQRXJK PXFK YHU\ PXFK $GGLWLRQDO TXHVWLRQV ZHUH 47LPH DOORFDWLRQ WR SK\VLFDO DFWLYLW\DFWLYH
WUDYHOPHDVXUHGRQDOHYHOVFDOHIURPPLQXWHVSHUZHHNXSWR!KRXUVDQG4WRWDODFWLYLW\
3URHQYLURQPHQWDODFWLYDWLRQZDV UHFRUGHG LQD%RROHDQ IRUPDW RUEHLQJ WKHDJJUHJDWHG IRUPRI
VHYHUDO TXHVWLRQV UHJDUGLQJ GLIIHUHQW SURHQYLURQPHQWDO DFWLYLWLHV  VWDQGV IRU QR HQYLURQPHQWDO
DFWLYDWLRQ  IRU D FHUWDLQ HQYLURQPHQWDO DFWLYDWLRQ 7KH ZKROH FOXVWHU DQDO\VLV DSSURDFK DWWHPSWV WR




7KH SXUSRVH ZDV WR WHVW ZKHWKHU DWWLWXGLQDO DWWULEXWHV FDQ EH FRQVLGHUHG LQ LGHQWLI\LQJ D SRRO RI
WUDYHOOHUV
W\SHVWKDWFRXOGEHWKHWDUJHWDXGLHQFHIRUUHOHYDQWSROLFLHV7RWKLVHQGDQHIIRUWZDVPDGHWR
XVH WKHDSSURSULDWH LQIRUPDWLRQ WRDVVLVW WKHGHVLJQDQG LPSOHPHQWDWLRQRI LQWHUYHQWLRQV WRZDUGV7UDYHO




WKHFOXVWHUVZHUHH[DPLQHG LQUHODWLRQ WRVRFLRGHPRJUDSKLFDOFKDUDFWHULVWLFV(DFKRI WKH WKUHHFOXVWHUV
UHSUHVHQWVDVSHFLILFFRPELQDWLRQRIDWWLWXGHVOLIHVW\OHVDQGSUHIHUHQFHVLQGLFDWLQJDXQLTXHSURILOH7DEOH






7 7 7 5 3 7RWDO
*UHHQHUURXWHLQWHQWLRQ F E D   
3XEOLFWUDQVSRUWXVHLQWHQWLRQ E E D   
%LF\FOHXVHLQWHQWLRQ D E D   
&DUGHSHQGHQFH F D E   
7LPHDOORFDWLRQWRSK\VLFDODFWLYLW\
DFWLYHWUDYHO
D F E   
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7KHPRVWLPSRUWDQWDWWULEXWHVLQGHWHUPLQLQJFOXVWHUVZHUHWKHRQHVRI³SURHQYLURQPHQWDODFWLYDWLRQ´




DOVR LPSRUWDQW WKDW WKLV JURXS KDV WKH KLJKHVW LQWHQWLRQ WR XVH D ELF\FOH VFRUH DPRQJ WKH WKUHH JURXSV
ZKHUHDVJUHHQHU URXWH DQGSXEOLF WUDQVSRUW XVH LQWHQWLRQGRQRW GLIIHU VLJQLILFDQWO\ IURP WKRVHRI RWKHU
JURXSV7KHSHUVRQVIRUPLQJWKLVJURXSVKRZDKLJKSUHIHUHQFHIRUDFWLYHPRGHVDQGVHHPWRKDYHDPRUH
DFWLYH OLIHVW\OH ,W FDQEHDVVXPHG WKDW WKHVH LQGLYLGXDOVSHUFHLYH WUDYHO QRWRQO\DVDPHDQV WR UHDFK D
FHUWDLQGHVWLQDWLRQEXWDOVRDVDZD\WRGHULYHDFHUWDLQEHQHILWLQWHUPVRIDKHDOWKLHUOLIHVW\OH&OXVWHU
FDQEHODEHOOHG³DFWLYHWUDYHOOHUV´
7KH VHFRQG W\SH 7 IRUPV WKH ODUJHVW JURXS LQFOXGLQJ  LQGLYLGXDOV  DQG VKRZV WKH
KLJKHVWVFRUHIRUFDUGHSHQGHQFHHYHQWKRXJKWKLVIDFWRULVFRPPRQWRDOOWKHJURXSV$WWKHVDPHWLPH
WKLV FOXVWHU UHIOHFWV WKH ORZHVW LPSRUWDQFH JLYHQ WR SK\VLFDO DFWLYLW\ RU DFWLYH WUDYHO SUDFWLFH7KH WLPH
DOORFDWHGWRSK\VLFDODFWLYLW\VHHPVWREHWKHFUXFLDODWWULEXWHLQGLIIHUHQWLDWLQJWKHVHFRQGJURXSIURPWKH
ILUVWVLQFHWKH\VKRZVLPLODUYDOXHVUHJDUGLQJLQWHQWLRQIRUSXEOLFWUDQVSRUWXVHDQGJUHHQHUURXWHVFKRLFH
DVZHOODV LQ WKHLUHQYLURQPHQWDODFWLYLVP7KHVH LQGLYLGXDOVVKRZDPDUNHG ODFNRI LQWHUHVW LQF\FOLQJ
SURGXFLQJWKHORZHVWVFRUHLQLQWHQWLRQWRXVHDELF\FOH7KH\VHHPDWWDFKHGWRDPRGHRIIHULQJWKHPRVW
LQ WHUPVRIFRPIRUWSHUFHSWLRQDQG WKH OHDVW LQHIIRUW UHTXLUHG WR UHDFK WKHGHVWLQDWLRQ7KH ODFNRIDQ\
DFWLYHFKDUDFWHULQWKHLUWULSVDQGLQWKHLUOLIHVW\OHLQJHQHUDOPDNHVWKHP³QRQDFWLYHWUDYHOOHUV´
7KHWKLUGDQGODVWW\SH7LVWKHVPDOOHVWQXPEHULQJUHVSRQGHQWVFKDUDFWHUL]HGE\KLJK
VFRUHV ERWK RQ DFWLYH WUDYHOOLQJ SUDFWLFH DQG JUHHQHU WUDYHOOLQJ LQWHQWLRQ DQG WKH KLJKHVW YDOXH IRU
HQYLURQPHQWDODFWLYLVPIRUDQ\RIWKHWKUHHFOXVWHUV7KHVHUHVSRQGHQWVDOWKRXJKWKHLUFDUGHSHQGHQFHLV
QRWQHJOLJLEOHSODFHDKLJKYDOXHRQOLIHVW\OHLPSURYHPHQWWKURXJKDFKDQJHLQEHKDYLRXU7KH\WHQGWR
VKLIW WR JUHHQHU PRGHV EHLQJ DOUHDG\ WKH PRVW VHQVLWL]HG WRZDUGV WKH HQYLURQPHQW DV D ZKROH 7KHVH
LQGLYLGXDOVFDQEHODEHOOHGDV³DFWLYHDQGSURHQYLURQPHQWDO WUDYHOOHUV´ LQVKRUW³SURDFWLYHWUDYHOOHUV´
DVDPRUHVXVWDLQDEOHOLIHVW\OHLVFRQVLGHUHGDGHVLUDEOHHQGLQLWVHOI7RSURYLGHVXSSRUWLQJHYLGHQFHIRU
WKHVH FDWHJRULVDWLRQV DGGLWLRQDO FULWHULD EDVHG XSRQ GHHSHU LQIRUPDWLRQ RQ WKH SRSXODWLRQ WKURXJK
GHVFULSWLYHDQGLQIHUHQWLDODQDO\VLVRIRWKHUVWDWLVWLFDOGDWDDWUHJLRQDOOHYHOZHUHXVHG
,QEULHI WKHDFWLYH WUDYHOOHUVZHUH\RXQJHURI WKHJURXSEHLQJEHWZHHQZLWK WKHJHQGHU
UDWLR EHLQJ DOPRVW  ZKLOH WKH ³SURDFWLYH´ RQHV ZHUH PLGGOHDJHG SHRSOH ZLWK DOPRVW 
EHWZHHQ  \HDUV ROG DQGZLWK RI WKH JURXSEHLQJ IHPDOH5HJDUGLQJ WKH QRQDFWLYH WUDYHOOHUV
ZKR PDGH XS WKH PDMRULW\ WKH\ KDYH D VLPLODU VH[ UDWLR WR WKH SUHYLRXV JURXS  IHPDOH
UHVSRQGHQWVDQGPRUHWKDQRIWKHPDOVRFRPHIURPWKH\HDUROGDJHJURXSZKLFKVHHPVWR
FRQILUPWKDW\RXQJHUSHRSOHWHQGWRGRPRUHSK\VLFDODFWLYLW\DQGKDYHPRUHDFWLYHOLIHVW\OHV,WLVTXLWH
OLNHO\ WKDWZLWKDJH LQGLYLGXDOVEHFRPHPRUHDZDUHRIDQGPRUHVHQVLWL]HG WRHQYLURQPHQWDO LVVXHV$V
UHJDUGV WKH ILQGLQJ WKDW WKH PDMRULW\ RI WUDYHOOHUV DUH QRQDFWLYH QHJOHFWLQJ SK\VLFDO DFWLYLW\ LQ WKHLU






XVHIXO WRRO DQG DUH LQ DFFRUG ZLWK UHFHQW UHVHDUFK KLJKOLJKWLQJ WKH XVHIXOQHVV RI DWWLWXGHEDVHG WDUJHW
JURXSV LQSUHGLFWLQJ WKHHFRORJLFDO LPSDFWRIPRELOLW\EHKDYLRXU:KHQFRPSDUHGZLWKFDWHJRULVDWLRQV
EDVHGRQVRFLRGHPRJUDSKLFDQGJHRJUDSKLFIDFWRUVWKHSUHGLFWLYHSRZHURIWKHDWWLWXGHEDVHGDSSURDFK
VHHPV PRUH HIIHFWLYH HVSHFLDOO\ ZLWK UHJDUG WR WKH XVH RI SULYDWH PRWRUL]HG PRGHV RI WUDQVSRUWDWLRQ
+XQHFNHHWDO$VDOUHDG\PHQWLRQHGWKLVLQLWLDWLYHLVLQFRQWUDVWZLWKWUDGLWLRQDODSSURDFKHVWR
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WUDQVSRUWDWLRQ LVVXHVZKLFK QHJOHFW DWWLWXGLQDO IDFWRUV LQYROYHG LQPDNLQJ WUDYHO FKRLFHV+RZHYHU E\
HQULFKLQJ DQDO\VHVRI VXVWDLQDEOH WUDYHO EHKDYLRXU DQGSURGXFLQJ XVHIXO FDWHJRULHV IRU HYDOXDWLQJGDLO\
PRELOLW\LWFRQILUPVWKHYDOXHRILQYHVWLQJLQHQYLURQPHQWUHODWHGPRELOLW\QHHGVDQGLQHIIRUWVWRPHHW
WKHVHLQDVXVWDLQDEOHZD\
0HDQZKLOH LQYHVWPHQW LQ VXVWDLQDEOHSROLFLHVPXVWDOVREHFRVWHIIHFWLYH:LWKEHKDYLRXUDOFKDQJH LQ
PLQG VXFK SROLFLHV UHTXLUH FRQFUHWH DQDO\VLV RI PXOWLSOH GHWHUPLQDQWV WR IRUPXODWH DSSURSULDWH
LQWHUYHQWLRQV$QDO\VLQJWKHFRQWH[WRIEHKDYLRXUWKHGHJUHHRIDFFHSWDELOLW\RIDFHUWDLQPHDVXUHDQGWKH
GHJUHH WRZKLFK EHKDYLRXUPD\ EH FKDQJHG DUH DOO SUHUHTXLVLWHV IRU GHVLJQLQJ HIIHFWLYH LQWHUYHQWLRQV





7KHSURPRWLRQRI VXVWDLQDEOH OLIHVW\OHVKDVPDQ\GLPHQVLRQV ,Q WKH*UHHNFRQWH[W WKHUHKDV VR IDU
EHHQOLPLWHGDSSOLFDWLRQRILGHDVFRPELQLQJWKHDUHDVRISK\VLFDODFWLYLW\DQGHQYLURQPHQWDOVHQVLWLYLW\
7KH UHVXOWV RI WKH SUHVHQW VWXG\ FRQILUP WKDW VXFK IDFWRUV FRXOG EH DSSOLHG WR WUDYHO FKRLFHV 3UR
HQYLURQPHQWDO DQG DFWLYH WUDYHO EHKDYLRXU LQYHVWLJDWLRQ FRXOG EH HQKDQFHG E\ ILQGLQJV IURP RWKHU
GLVFLSOLQHV SK\VLFDO DQG HQYLURQPHQWDO VFLHQFHV DQG VXFFHVVIXO LQWHUYHQWLRQV LQ WKHVH ILHOGV FDQ




WDNH LQWR DFFRXQW FRPSOH[ SV\FKRORJLFDO DVSHFWV RI WUDYHO FKRLFHV )XUWKHUPRUH WKH\ PD\ SURYLGH
DOWHUQDWLYH WRROV IRU SUREOHP VROYLQJ ZLWK UHJDUG WR GLIIHUHQW XVHU JURXSV DQG IDFLOLWDWH YROXQWDU\
EHKDYLRXU FKDQJH +LJKHU UDWHV RI SROLF\ VXFFHVV VKRXOG VWHP IURP WKH FRPSDUDWLYH DGYDQWDJHV RI
VXVWDLQDEOH EHKDYLRXU KLJK OHYHO RI V\QHUJ\ WKURXJK VWDNHKROGHU LQYROYHPHQW FDUHIXO FRQVLGHUDWLRQ RI











(87KHUH LVDSUHVVLQJQHHGIRUPRUHSURMHFWVRI WKLVNLQG ,QWHJUDWHGDSSURDFKHVDUHQHHGHGIURPWKH




DUH LQIRUPDWLYH DQG SROLF\ UHOHYDQW KLJKOLJKWLQJ WKH LPSRUWDQFH RI DWWLWXGLQDO LWHPV 7KH W\SRORJ\
GHYHORSHG FRXOG EH LQFOXGHG LQ D VRFLDO PDUNHWLQJ SODQ IRU VXVWDLQDEOH WUDYHO SURPRWLRQ &DUHIXO
FRQVLGHUDWLRQRIXVHUDWWLWXGHVDQGEHOLHIVEDUULHUVDQGEHQHILWV IDFLOLWDWHVVXVWDLQDEOHEHKDYLRXUFKDQJH
DQGKHOSVHQVXUHORQJWHUPUHVXOWV1HYHUWKHOHVVWKLVVWLOOUHTXLUHVVXEVWDQWLDOLQYHVWPHQWLQWHUPVRIWLPH
DQG PRQH\ FRXSOHG ZLWK FRQVWDQW DGDSWDWLRQ WR WKH DUHDVSHFLILF FRQWH[W DQG IXWXUH WKHRUHWLFDO
GHYHORSPHQWV &RQVHTXHQWO\ IXUWKHU ZRUN LV QHHGHG LQ UHILQLQJ WKH UHVXOWV HODERUDWHG VR IDU 7HVWHG
EHKDYLRXUDOVFDOHVFDQEHXVHGIRUWKLVSXUSRVHWRLPSURYHFOXVWHUGHILQLWLRQIROORZLQJWKHFDUHIXOFKRLFH
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RIDSSURSULDWHWRROV7HVWHGVFDOHVEDVHGRQEHKDYLRXUDOWKHRULHVUHFRJQL]LQJWKHSV\FKRORJLFDODVSHFWVRI
KXPDQEHKDYLRXUFRXOGEHDGDSWHG WR WKHPRELOLW\SHUVSHFWLYH$OO WKHVHFRXOGHQULFK WKHPHWKRGRORJ\
DSSOLHGDQGPLJKWSURYLGHYDOXDEOHDGGLWLRQDOSHUVSHFWLYHV




 ,PSOLFDWLRQV IRU IXUWKHU UHVHDUFK FRXOG FRYHU IXUWKHU WKHRUHWLFDO GHYHORSPHQW RI DFWLYH DQG SUR
HQYLURQPHQWDO WUDYHO EHKDYLRXU ZLWKLQ D VRFLDO PDUNHWLQJ DSSURDFK 7KLV ZRXOG QHHG WR H[SORUH WKH
VWUHQJWKVDQGZHDNQHVVHVRIWKLVDSSURDFKDVZHOODVWKHHIILFDF\RIDWWLWXGLQDOVHJPHQWDWLRQWHFKQLTXHV
5HVHDUFKRIWKLVQDWXUHFRXOGLGHQWLI\RWKHULQQRYDWLYHHOHPHQWVRIXVHUEHKDYLRXU,IVXFKDQDSSURDFK
FRXOG EH XVHG WRPDNH WUDGLWLRQDO WUDQVSRUWDWLRQ SODQQLQJPRUH FRQJUXHQWZLWK WKH QHHGV RI XVHUV WKH
VXFFHVVUDWHRIH[LVWLQJSROLF\SDFNDJHVZRXOGEHLPSURYHG

$FNQRZOHGJHPHQWV   7KH DXWKRUV ZRXOG OLNH WR H[SUHVV WKHLU JUDWLWXGH WR WKH +HOOHQLF ,QVWLWXWH RI
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8OOHEHUJ36RFLDOLQIOXHQFHIURPWKHEDFNVHDW)DFWRUVUHODWHGWRDGROHVFHQWSDVVHQJHUV¶ZLOOLQJQHVVWRDGGUHVVXQVDIH
GULYHUV7UDQVSRUWDWLRQ5HVHDUFK3DUW)7UDIILF3V\FKRORJ\	%HKDYLRXU

9DQ:HH%+ROZHUGD+	9DQ%DUHQ53UHIHUHQFHVIRUPRGHVUHVLGHQWLDOORFDWLRQDQGWUDYHOEHKDYLRXU7KH
UHOHYDQFHIRUODQGXVHLPSDFWVRQPRELOLW\(XURSHDQ-RXUQDORI7UDQVSRUWDQG,QIUDVWUXFWXUH5HVHDUFK

:+23K\VLFDODFWLYLW\WKURXJKWUDQVSRUWDVSDUWRIGDLO\DFWLYLWLHV&RSHQKDJHQ


